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(54) Digital signai modulation in an optical fibre of a microcellular mobile communication system 



(57) An analog-to-digital fiber microcellular for wire- 
less personal communication network characterizes by 
down-convert receiving radio frequency signal to base- 
band, then using an analog-to-digital convertor converts 
to digital signal to modulate a laser diode, then transmit 
to remote location via fiber. At remote location, after 




receiving signal, using a digital-to-analog convertor con- 
verts to original baseisand analog signal for continue 
processing. The transmission can be proceeded in 
increase direction by the same route et forth above. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVEfsTTION 

The present invention relates to an analog to digital 
fiber microcellular for wireless personal communication 
network, for example in up link situation, which firstly 
down convert all the received radio frequency combined 
signals to low frequency band as baseband signal for fur- 
ther analog-to-digital conversion and then cfigital modu- 
lating the low cost laser diode to transmit the confined 
signal through fiber to optical receiver, and then apply 
digital-to-analog converter to recover the received digital 
signal to the original low frequency band combined sig- 
nal for signal demodulation. 

2. DESCRIPTION OF THE PRIOR ART 

Miaocellular radio communication systems are 
expected to provide flexible telephony services for wire- 
less personal communications. They provide efficient uti- 
lization of frequency and offer communication services 
to a large nunrdser of users. They will also make portable 
phones smaller and can be used longer than present 
portable phones. 

A great number of base stations are necessary com- 
pared with conventional systems to develop microcell 
systems. Therefore, base stations must meet the 
requirements of low-cost and compact 

Subcarrier optical transmission is one of the feasible 
solutions to these problems. New microcell system con- 
cepts have been reported by adopting subcarrier optical 
transmission over optical fiber between a central station 
and base stations. This system is well suited when a 
large number of base stations are set around a central 
station. 

However, for nnobile radio applications, the radio sig- 
nal power received at base station fluctuates greatiy. due 
to fading, shadowing or changes in distance between 
base station and portable phone. Therefor, the optical 
feeder from the base station to the central station require 
a high received carrier to noise ratio and very low distor- 
tion characteristic to cover the signal power fluctuation. 
And then very high expensive optical transmitters with 
high power, high linearity, signal mode, zero dispersion 
wavelength, optical isolator are required for tiie conven- 
tional subcarrier optical transmission applying in micro- 
cellular radio system. It is still a huge cost burden for 
constructing a large number of microcellular base sta- 
tions in wireless communication system. All of these 
hinder the development of the fiber microcellular. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide a method of analog-to-digital conversion to apply 
in fiber microcellular. such tiiat a low cost multi-mode low 



power laser diode and a simple driving circuit can be 
used as optical transmitter. Thereby free from intermod- 
ulation between channels resulting from nonlinearity of 
laser modulation and iher transmission, greatly enhance 
5 the perfomiance of fiber microcellular and substantially 
reduce the cost, thus making fiber microcellular applica- 
tion become more feasible and practical. 

BRIEF DESCRIPTION OF THE DRAWING 

w 

FIG. 1 is a schematic diagram of basic structure of 
iher miaocellular base station of the present invention. 

FIG. 2 is a schematic diagram of basic structure of 
central station for receiving and emission conversion of 
15 the present invention. 

FIG. 3 is a schematic diagram of uplink transmission 
principle of the present invention. 

FIG. 4 is a schematic diagram of downlink transmis- 
sion principle of the present invention. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Refening to FIG. 1 and 2, there are basically two 
portions in the structure of the present invention as fol- 
25 lows : 

A Basic structure of fiber microcellular, comprising 
antenna 1 , circulator 2. high power amplifier 3, low 
noise arrplif ier 4, Band-pass filter 5, upconvertor 6. 
30 downconvertor 7. Low-pass filter 8, digitat-to-analog 
converter 9, analog-to^igital converter 10, optical 
receiver 1 1 , optical transmitter 1 2. 

B. Basic structure of central station for receiving and 
35 transmission conversion, conprising optical trans- 
mitter 12. optical receiver 11, analog-to-digital con- 
verter 10. digital-to-analog converter 9, combiner of 
modulation channel signals 13. power divider for 
matching various demodulating channel band-pass- 
40 filter 14. 

Ref emng to FIG 3 for an embodiment of uplink trans- 
mission principle, signals of radio frequency (RF) chan- 
nel after being received by antenna 1 are down 

45 converted to low frequency band combined analog sig- 
nal by low noise amplifier 4 and down converter 7, then 
is converted to digital signal by fast analog-to-digrtal con- 
verter 1 0 and directly modulate laser diode to form digital 
optical signal whidi is transmitted through fiber to 

so another end (i.e. central station). At central station, opti- 
cal receiver 1 1 receives and converts digital optical sig- 
nal to digital electric signal, then digital-to-analog 
converter 9 converts digital signal to original lew fre- 
quency band combined analog signal, thereafter band- 

55 pass filter 5 of each channel s^arates signal of each 
channel for demodulating. 

Digital signal transmitted by foregoing method does 
net affect by non-linearity of laser modulation, fiber trans- 
mission or optical receiver demodulation. Therefore an 
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ordinary low price aruj low power mutti-mode laser can 
be used. Furthermore, the perfornfiance of fiber micro- 
cellular is determined by low noise amplifier 4 and ana- 
log-to<ngital converter 10, this fiber microcellular can 
have very good dynamic range if the technique of nonu- 
niform quantization is adopted. 

Referring to FIG. 4 for n embodiment of downlink 
transmission principle, at central station combiner 13 
combines signal of different channels as baset>and sig- 
nal which is then converted to digital signal by analog- 
to<ligital converter 10 and then nK)dulate laser diode. 
Optical transmitter 12 transmits digital qDtical signal via 
fiber to another end (fiber microcellular base station), 
optical receiver 1 1 of f ber microcellular receives digital 
optical signal and converts it into digital electric signal 
which is then converted to combined analog signal of 
various channels by digital-to-analog converter 9. There- 
after upconvertor 6 and power amplifier 3 upconvert sig- 
nal of various channels to proper radio frequency band 
and broadcast to users through antenna 1. 

Like that in uplink transmission, by means of method 
set forth above, signal of various channels from central 
base station transmitted to fiber microcellular via fiber 
does not affect by ronlinearity of laser modulation, fber 
transmission or optical receiver demodulation. Although 
there is no strict requirement (on) receiving dynamic 
range in downlink transmission, tiiis method does 
resolve the crosstalkproblem caused by over modulation 
effect of laser resulting from a great number of channels 
concurrentiy adding on when each channel directiy mod- 
ulates laser. 

Comparing with conventional methods (i.e. subcar- 
rier optical transmission), the present invention has the 
following advantages : 

a. On fiber transmission, it is totally digital transmis- 
sion, therefore does not affect by non-linearity of 
laser modulation, fiber transmission or optical 
receiver demodulation. As long as sampling speed 
is fast enough and a good perfamance analog-to- 
dlgital converter is used, a very good dynamic range 
can be obtained and there is no restriction is laser 
over-modulation. 

b. After evaluation of the transmission bandwidth for 
wireless phone and its corresporKience sampling 
rate, and if ten bits for sampling quantization is 
applied, only a few hundred of Mb/s modulation 
speed is required. Therefore an ordinary low cost 
laser can meet the requirements. Furthermore, the 
sen^tivity for the digital receiver operating at tiie 
speed of several hundred of Mb/s is less than - 
30dBm, compared to the - 5dBm receiver sensitivity 
for the conventional optical subcarrier transmission 
scheme. There are more than 25dB optical power 
margin. Thus longer transmission distance between 
miaocellular and base station, and more system 
reliability can be achieved. 



c. As a result of advantages set forth above, good 
transmission performance can be achieved by using 
an ordinary low cost laser diode thus significantiy 
reduce the laser cost that might othenvise needed. 
5 It also removes the restriction of laser ov^ modula- 
tion induced by a great number of channel modula- 
tion, thereby making miaocellular applications more 
feasible and practical. 

10 Claims 

1. An analog-to-dgital microcellular for wireless per- 
sonal communication network characterized in that 
a received radio frequency (RF) signal being down 

15 convert to low frequency band as t>aseband signal, 
then using an analog-to-digital convertor to convert 
the baseband signal to digital signal to modulate a 
laser diode, said laser diode transmit infrared light 
which transmits to a remote central station through 

20 a f cber, said remote central station receives the light 
and uses a digital-to-analog convertor to convert the 
light to original baseband signal for further process. 

2. A microcellular of claim 1 f urtiier having a combiner 
25 to converge signal of various channels, then using 

an analog-to-digital convertor converting the con- 
verged signal and directiy modulating a laser diode 
to generate digital optical signal, thereafter transmit- 
ting the optical signal to a remote f ber microcellular 

30 via a fiber, said fiber miaocellular receives and con- 
verts the digital electric signal to analog signal by a 
digital-to-analog convertor, and then going through 
an upconvertor and a high power anrplif ler to upcon- 
vert the analog signal to radio frequency and broad- 

35 casting through an antenna. 

3. An a-to-digital miaocellular for wireless personal 
communication network comprising a fiber miaocel- 
lular base station and a central station, said fiber 

40 microcellular base station having: 

an antenna for receiving and emitting signal 
of radio frequency channel; 

a circulator for isolating the received and 
emitted radio frequency ^lannel. 
45 a high power amplifier and upconvertor 

upconverting for signal from low frequency band to 
a desired radio frequency band and emitting to users 
via a portable phone; 

a band-pass fitter for selecting desired emit- 
50 ting channel frequency band; 

a digital-to-analog convertor for converting 
receiving digital signal to analog confined base- 
band signal to facilitate signal emission, 

an optical recaver for receiving digital signal 
55 transmitting from said central station; 

a low noise amplifier and down-convertor for 
down convert radio frequency signal received from 
said antenna to low frequency band combined signal 
as base band singal; 
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a low-pass fiber for filtering high frequency 
noise signal; 

an analog-to-digital converter for converting 
analog signal to digital signal and directly modulat- 
ing a laser diode; 5 

an optical transmitter for converting digital 
electric signal to digital optical signal arxJ transmit- 
ting to said central base station through a fiber; and 

said central base station having : 

an optical receiver for receiving optical signal io 
from said fber microcellular base Nation; 

a digital-to-analog converter for converting 
received digital agnal to analog signal; 

a divider to associate said band pass f Oter of 
each channel to separate signal of each channel for is 
respective demodulation; 

an optical transmitter for converting digital 
electric signal to optical signal to transmit to said 
fiber microcellular base station via a f ber; 

an analog-to-digital converter for converting 20 
analog signal to digital signal and directly modulat- 
ing a laser diode; 

a combiner for converging signal of different 
channels to combined analog signal and converting 
to digital signal through said analog-to-digital con- 25 
vertor and directly modulating a laser diode. 



30 



35 



40 



45 



$0 



55 



4 



EP 0 714 218 A1 




5 



EP 0 714 218 A1 




EP 0 714 218 A1 




7 



EP 0 714 218 A1 




8 



EP0 714 218A1 



European Patent 

omce 



EUROPEAN SEARCH REPORT 



AppOatloo Nurabff 

EP 94 30 8626 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citcgonr 



CitatioQ of document with iodicatioa, wtiere ■ppropriatc, 
of rcfcvmt pwssmgts 



Rdevant 
to 



CLASSIFICATION OF THE 
AFPUCATIONaDLCLfi) 



43RD IEEE VEHICULAR TECHNOLOGY CONFERENCE 

*18 May 1993 - 20 May 1993 SECAUSUS, US, 
pages 585-588, XP 000393251 
WALA 'A new Microcell Architecture Using 
Digital Optical Transport' 

* the whole document * 

TELEPHONY, 

vol. 225, no. 1, 5 July 1993 US, 
pages 20-24, 

CYR ET AL. 'The Digital Age Is here' 

* page 22, right column, line 9 - page 24, 
left column, line 2; figure 1 * 

US-A-5 339 184 (GTE UB.) 

* column 2, line 60 - column 4, line 54 * 

* column 5» line 54 - line 60 * 

* column 6, line 6 - line 45 * 

* column 11, line 9 - column 12, line 68; 
figures * 

IEEE JOURNAL ON SELECTED AREAS IN 
COMMUNICATIONS, 

vol. 11, no, 7, September 1993 NEW YORK, 
US. 

pages 1108-1117, XP 000400020 
OHMOTO ET AL. 'Fiber-Optic Microcell 
Radio Systems with a Spectrum Delivery 
Scheme ' 

* paragraph IIIC * 

* paragraph I - paragraph II * 

WO-A-94 28690 (ADC TELECOMMUNICATIONS) 

* abstract * 

* page 32, line 16 - page 33, line 7; 
figures 2.3,29 * 



1-3 



H04q7/36 
H04q7/30 



1-3 



1-3 



TECSlNICALFIiXDS 
SEARCHED CIttLa.6) 



1-3 



H04Q 
H04B 



1-3 



The pnscnt scardi rrport has been drawa op for all Mms 



FUcaef sunk 

THE HAGUE 



Date cf coKflcdM ef Ub leatk 

20 April 1995 



Janyszek, J-M 



CATEGORY OP OTED DOCUMENTS 

X : pntlcDlajly rdevut If tikeo tlose 

Y : pardcclaily relevant tf combined with uotiicr 

doozmenl of the same categpfy 
A : techoologlcsl background 
O : oon-nrtnen disdomre 
P : (ntennedlatfl docunent 



T : theory or prtndple trndeftviog tbe InvcBtfoo 
E : earlier patent doaiment, bat pnblisbel on, or 

after tbe flllog date 
D : doccmcot dted In tbe application 
L : docoaent dted for other reasons 

A : nenber of tbe same patent family, correspoDding 
document 



9 



